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PROCESSOR AND PROCESSING METHOD 
FOR GENERATING A PANORAMIC IMAGE 

FOR A VEHICLE 

BACKGROUND 

The present invention relates to the ?eld of image proces 
sors and an image processing methods for vehicles and in 
particular to image processors that provide the driver of a 
vehicle With panoramic image obtained by applying perspec 
tive conversion to multiple images captured around the 
vehicle. 

Japanese Laid-Open Patent Publication No. 2004-64441 
discloses a type of vehicle image processor that changes the 
image data captured by cameras installed on the vehicle to a 
panoramic image data and displays the panoramic image on a 
monitor inside the vehicle. 

For the vehicle image processor, the angle formed betWeen 
the road surface and the angle or level of the camera installed 
on the vehicle body is detected as the pitch angle (deg) in the 
global coordinate system. On the basis of the pitch angle, an 
address conversion table is formed for converting the image 
data from cameras captured by the cameras into the pan 
oramic image data. In the vehicle image processor, the pitch 
angle is computed inside the device, and the address conver 
sion table is formed and stored. As a result, When needed, the 
image data from cameras canbe converted into the panoramic 
image data for display on the monitor. 

HoWever, in the vehicle image processor, in order to make 
use of multiple cameras to capture the images in different 
directions around the vehicle and to display the panoramic 
image around the vehicle, it is necessary to replace each of the 
pixel data of multiple cameras by means of the address con 
version table to form the panoramic image data. Then, in 
order to combine the multiple camera images to form an 
excellent panoramic image free of seams betWeen images and 
Without distortion, it is necessary to ensure complete agree 
ment Without any error in the actual attachment positions of 
cameras, installation directions and lens ?les. HoWever, such 
errors inevitably take place for each vehicle in the camera 
installation operation. 

At this point, as far as the errors for the vehicle image 
processor in the reference are concerned, although it is pos 
sible to correct the deviation and distortion of the panoramic 
image, the processing load on the vehicle image processor is 
nevertheless high in order to detect the installation errors of 
the cameras and recompute the address conversion table on 
the basis of the errors inside the device, so that it is necessary 
to use a computing device With a high processing poWer. 

It Would be desirable to provide a image processor and an 
image processing method for a vehicle characterized in Which 
a panoramic image can be formed from multiple images With 
reduced processing. 

SUMMARY 

In accordance With one aspect of the invention, an image 
processor is provided for a vehicle having a plurality of cam 
eras and a monitor that displays a panoramic image derived 
from multiple images generated by the plurality of cameras. 
The image processor includes input buffers adapted to receive 
and store image data generated by the plurality cameras; an 
output buffer adapted to store panoramic image data for dis 
play on a monitor; a recon?gured address conversion table 
that describes the relationship betWeen the image data and 
panoramic image data, Which recon?gured address conver 
sion table is prepared by recon?guring a non-recon?gured 
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2 
address conversion table to adjust for installation errors in the 
plurality of camera modules; and a controller adapted to read 
camera image data stored on the input buffers, translate the 
camera image data into a panoramic image data using the 
recon?gured address conversion table; and store the pan 
oramic image data on the output buffer. 

In accordance With another aspect of the invention, an 
image processing method is provided for use in a vehicle 
having a plurality of cameras and a monitor that displays a 
panoramic image derived from multiple images generated by 
the plurality of cameras. The method includes: storing camera 
image data captured by the cameras on an input buffer; pro 
viding an output buffer on Which to store panoramic image 
data generated from the camera image data retrieved from the 
input buffer means and to output the panoramic image to the 
monitor; providing a non-recon?gured address conversion 
table that associates a plurality of input addresses in the input 
buffer With corresponding output memory addresses in the 
output buffer to form at least a portion of the panoramic image 
When the cameras are assumed to be free of installation errors; 
correcting the effect of installation errors in at least one of the 
plurality of cameras by shifting the input address associated 
With the corresponding output memory addresses in the non 
recon?gured address conversion table to create a recon?g 
ured address conversion table; and retrieving the camera 
image data from the input buffer and storing the camera 
image data in the output buffer according to the recon?gured 
address conversion table to generate the panoramic image. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The description herein makes reference to the accompany 
ing draWings Wherein like reference numerals refer to like 
parts throughout the several vieWs, and Wherein: 

FIG. 1 is a block diagram shoWing the con?guration of a 
vehicle image processor applied to the one embodiment of the 
present invention; 

FIG. 2 is a block diagram shoWing the con?guration for 
recon?guring address conversion tables; 

FIG. 3 is a diagram illustrating the process for generating a 
panoramic image through the application of perspective con 
version to image data captured by cameras installed in differ 
ent pickup directions; 

FIG. 4 is a diagram illustrating problems during processing 
for generating a panoramic image by applying perspective 
conversion to camera image data captured in different pickup 
directions When camera modules have installation errors; 

FIG. 5 is a diagram illustrating panoramic image genera 
tion processing utiliZing an address conversion table When 
there are no camera module installation errors; 

FIG. 6 is a diagram illustrating panoramic image genera 
tion processing utiliZing an address conversion table When a 
camera module contains installation errors; 

FIG. 7 is a How chart illustrating the procedure for address 
conversion table recon?guration processing; and 

FIG. 8 is a diagram illustrating a panoramic image dis 
played When a yaW angle error occurs. 

DETAILED DESCRIPTION 

A vehicle image processor 1 in accordance With a ?rst 
embodiment is shoWn in FIG. 1. In the case of the vehicle 
image processor 1, camera image data captured around the 
vehicle by camera modules 2A, 2B, 2C, and 2D are input to 
input buffers 12A, 12B, 12C, and 12D Which correspond to 
respective camera modules 2A, 2B, 2C, and 2D; perspective 
conversion is applied by a CPU 13 and an image conversion 
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part 14 using default or non-recon?gured tables stored in a 
table memory part 15 so as to generate a panoramic image 
around the vehicle; and data on the panoramic image are 
stored in an output buffer 16 and output to a monitor 3. The 
vehicle image processor 1 recon?gures or calibrates the 
default address conversion tables using function parts 41 
through 43 as shoWn in FIG. 2, for example, so as to correct 
the effect of camera modules 2A, 2B, 2C, and 2D in order to 
display the panoramic image on monitor 3 With less distortion 
in the panoramic image or any deviation betWeen respective 
images Which constitute the panoramic image. The default or 
non-recon?gured address conversion tables provide address 
conversion information to generate a panoramic image based 
on the assumption that there a no installation errors in camera 

modules 2A, 2B, 2D and 2D. 
More speci?cally, as shoWn in FIG. 3, a front camera image 

31A is captured by camera module 2A, a rear camera image 
31B is captured by camera module 2B, a left-side camera 
image 31C is captured by camera module 2C, and a right-side 
camera image 31D is captured by camera module 2D in order 
to generate a panoramic image 30 around the vehicle. Here, 
camera image 31A includes a vehicle body 33 and White lines 
L1, L3, and L5 Which are draWn on the road surface; camera 
image 31B includes vehicle body 33 and White lines L2, L3, 
and L5; camera image 31C includes vehicle body 33 and 
White lines L3 and L4; and camera image 31D includes 
vehicle body 33 and White lines L5 and L6. Here, the White 
lines Which appear in panoramic image 30 are draWn on the 
road surface and captured by camera modules 2A, 2B, 2C, 
and 2D for the purpose of illustrating distortion and deviation 
betWeen the images Which appear in the panoramic image. 

In ideal conditions (that is, Where camera modules 2A, 2B, 
2C and 2D are assumed to have no errors in their installation 
positions), vehicle image processor 1 generates panoramic 
image 30 Which is arranged around an automobile object 33' 
Without any deviation betWeen the constituent pixels of pan 
oramic image 30 using a front image 32A, a rear image 32B, 
a left-side image 32C, and a right-side image 32D Which are 
obtained by converting respective camera images 31A, 31B, 
31C, and 31D, as seen from the top. 
On the other hand, if camera modules 2A, 2B, 2C, and 2D 

contain errors in their installation positions, as shoWn in FIG. 
4, White line L1 in front image 32A results in a mismatch With 
automobile object 33' after the change of the perspective; 
White line L3 becomes distorted; or White lines L1, L2, and L3 
are shifted to run across pixels 32A, 32B, and 32C Which 
constitute panoramic image 30. HoWever, in the case of 
vehicle image processor 1 explained beloW, processing is 
carried out so as to correct deviation and distortion in pan 
oramic image 30 attributable to installation errors of the cam 
era modules 2A, 2B, 2C, and 2D used to generate panoramic 
image 30, by Which means the deviation and distortion in 
panoramic image 30 are suppressed, even When camera mod 
ules 2A, 2B, 2C, and 2D contain installation errors. 

The con?guration and operations for generating panoramic 
image 30 in Which distortion and/or deviation is eliminated 
from respective camera images 31A, 31B, 31C, and 31D in 
the manner Will be explained beloW. 
A panoramic vehicle display system Which includes the 

vehicle image processor 1 is con?gured by connecting four 
camera modules 2A, 2B, 2C, and 2D (hereinafter referred to 
as “camera modules 2” When referenced collectively) to 
vehicle image processor 1, as shoWn in FIG. 1. The vehicle 
image processor 1 takes the respective camera image data 
captured by camera modules 2A, 2B, 2C, and 2D as inputs 
and combines the respective camera image data so as to 
generate panoramic image 30 of the vehicle When vieWed 
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4 
from above. In the present example, as described above, four 
camera modules 2A, 2B, 2C, and 2D aimed in the front, rear, 
right-side, and left-side directions are provided. Here, a case 
in Which panoramic image 3 0 is generated When the vehicle is 
vieWed above Will be explained. 

Respective camera modules 2A, 2B, 2C, and 2D are pro 
vided on different parts of the vehicle and are ?xed With 
different pickup orientations. Each camera module 2 is con 
?gured With a pickup lens 21 and a CCD (charge-coupled 
device) 22. The camera modules 2 are NTSC (National Tele 
vision System Committee) cameras and output image data in 
accordance With the NTSC format to vehicle image processor 
1. 

Vehicle image processor 1 is con?gured by connecting 
input buffers 12A, 12B, 12C, and 12D (hereinafter referred to 
as “input buffers 12” When they are referenced collectively) 
Which are connected to respective camera modules 2A, 2B, 
2C, and 2D; a CPU (Central Processing Unit) 13; image 
conversion part 14; table memory part 15; and output buffer 
16 Which is connected to monitor 3, via an internal bus 11. 

Input buffers 12 are provided in the same number as camera 
modules 2. Input buffer 12A is connected to camera module 
2A, input buffer 12B is connected to camera module 2B, input 
buffer 12C is connected to camera module 2C, and input 
buffer 12D is connected to camera module 2D. Input buffers 
12 temporarily store the NTSC format camera image data, 
and the camera image data are read With image conversion 
timing of image conversion part 14 controlled by CPU 13. 

Table memory part 15 stores address conversion tables 
15a, 15b, 150 for respective image layouts to be presented to 
the driver. A case in Which the four cameras’ image data are 
combined to generate 1 panoramic image 30 Will be explained 
in the present example. Here, assume that at least the address 
conversion tables for the image layouts used to generate pan 
oramic image 30 from the respective camera image data 
stored in input buffers 12A, 12B, 12C, and 12D are stored in 
table memory part 15 for respective input buffers 12, that is, 
for respective camera modules 2. 
The address conversion tables stored in the table memory 

part 15 are tables Which contain camera numbers for distin 
guishing the address conversion tables from one another, 
memory addresses (input address information) of camera 
image data having greater address space resolution in the 
horiZontal or the vertical direction than monitor 3, and 
memory addresses (output address information) of output 
buffer 16 used to display the panoramic image data With the 
resolution of monitor 3. That is, the address conversion tables 
describe the correspondence betWeen the memory addresses 
in output buffer 16, that is, the display coordinates on monitor 
3, and the coordinates (input addresses) of input buffers 12. 
This type of address conversion table is generated in advance 
based on the speci?cations, the positions, and the directions 
(optical axes) of camera modules 2A, 2B, 2C, and 2D. In 
addition, assume that the address conversion tables describe 
the correspondence betWeen input addresses in input buffers 
12 and output addresses in output buffer 16 for respective 
camera modules 2 (arbitrary camera numbers), and that they 
are provided in the same number as camera modules 2. 

Image conversion part 14 reads the address conversion 
tables for respective camera modules 2 from table memory 
part 15 controlled by CPU 13, and stores camera image data 
Which are read from input addresses designated by the 
address conversion tables to output addresses designated by 
the address conversion tables With reference to the tables. 
Here, because the address conversion tables contain the 
memory addresses in output buffer 16 according to the image 
layout, the panoramic image data Which is replaced in output 
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buffer 16 by image conversion part 14 is converted to have the 
same image layout as that of the address conversion table 
used. Furthermore, image conversion part 14 may be con?g 
ured using an LSI (Large Scale Integrated Circuit), an FPGA 
(Field Programmable Gate Array), or a DSP (Digital Signal 
Processor), for example; or CPU 13 may be used for this 
purpose. 

The address tables (described in more detail beloW) are 
recon?gured or calibrated to display panoramic image 30, for 
Which installation errors (pitch angle, yaW angle, and roll 
angle) of respective camera modules 2 are corrected, during 
the shipment of the automobile. That is, the camera image 
data are read from input buffers 12 as a result of the perspec 
tive-conversion processing by image conversion part 14, and 
the address conversion tables are recon?gured or calibrated 
so as to suppress a distortion of the panoramic image data 
stored in output buffer 16 and deviations among the images 
Which constitute panoramic image 30. 

Output buffer 16 stores the panoramic image made up of 
the four image data Whose perspective has been converted by 
image conversion part 14 and outputs it to monitor 3 as 
controlled by CPU 13. 
Upon recognizing an image layout instruction or an image 

sWitching instruction from the driver by manipulation of a 
(not-shoWn) operation input part, CPU 13 determines Which 
conversion tables are to be used for the image conversion by 
image conversion part 14. In addition, CPU 13 controls the 
timing for converting image data from input buffers 12 of 
image conversion part 14 and the timing for outputting data 
from output buffer 16 to monitor 3 so as to store panoramic 
image 30 continuously in output buffer 16 and sWitches pan 
oramic image 30 displayed on monitor 3 continuously at the 
same time. 

In addition, as shoWn in FIG. 2, CPU 13 is equipped With an 
error detection part 41 for error detection at the time of ship 
ment of the automobile, a parameter computation part 42 for 
computing parameters used to correct the default address 
conversion tables, and a table recon?guration part 43 for 
recon?guring or calibrating the address conversion tables 
stored in table memory part 15. Furthermore, although a 
functional part for recon?guring or calibrating the address 
conversion tables stored in table memory part 15, such as 
error detection part 41, parameter computation part 42, and 
table recon?guration part 43, is provided Within vehicle 
image processor 1 in the present example, address conversion 
tables externally con?gured may be stored in table memory 
part 15 also. 

Error detection part 41 detects installation errors in camera 
coordinate systems of camera modules 2A, 2B, 2C, and 2D 
during inspection at the time of shipment of the vehicle, for 
example. During the inspection, error detection part 41 
obtains camera image data from camera modules 2A, 2B, 2C, 
and 2D When the automobile is parked at a prescribed position 
on the road surface Where prescribed White lines are draWn, 
and images of the White lines are captured from the parking 
position. Then, error detection part 41 compares the respec 
tive camera image data obtained With a template image Which 
should be captured When camera modules 2A, 2B, 2C, and 2D 
are free of installation errors. 

Then, if the White lines that extend in the vertical direction 
in the images generated from the camera image data deviate 
from the White lines that extend in the vertical direction in the 
template image, then the installation positions of camera 
modules 2A, 2B, 2C, and 2D have shifted in the horizontal 
direction; and the amount of the shift is computed as an error 
(deg) in the yaW angle. In addition, if the White lines that 
extend in the horizontal direction in the images generated 
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6 
from the camera image data deviate from the White lines that 
extend in the horizontal direction in the image serving as the 
template, then the installation positions of camera modules 
2A, 2B, 2C, and 2D have shifted in the vertical direction; and 
the amount of the shift is computed as an error (deg) in the 
pitch angle. Furthermore, if the camera image data deviate 
from the template image in the rotational direction, then the 
amount of the shift is computed as an error (deg) in the roll 
angle. Thus, the error (deg) in the yaW angle, the error (deg) in 
the pitch angle, and the error (deg) in the roll angle in the 
camera coordinate system (global coordinate system) can be 
detected as installation errors of camera modules 2A, 2B, 2C, 
and 2D. 

Parameter computation part 42 computes the amount of 
correction (parameter) to be applied to the default address 
conversion tables stored in table memory part 15 When cam 
era modules 2A, 2B, 2C, and 2D are free of errors on the basis 
of errors in the yaW angle, the pitch angle, and the roll angle, 
Which are detected by error detection part 41. 

At this time, parameter computation part 42 obtains the 
amount of horizontal shift dx (pixel), Which becomes greater 
as the error in the yaW angle becomes greater, in order to shift 
the target areas to Which the addresses of the camera image 
data should be changed in the horizontal direction in units of 
pixels using the address conversion tables. In addition, 
parameter computation part 42 obtains the amount of top-to 
bottom shift dy (pixel), Which becomes greater as the error in 
the pitch angle becomes greater, in order to shift the target 
areas to Which the addresses of the camera image data should 
be changed in the vertical direction in units of pixels using the 
address conversion tables. The amount of the shift dx and dy 
(pixel) serves as a parameter to be used to correct installation 
errors of camera modules 2A, 2B, 2C, and 2D. 

Furthermore, processing for obtaining the amount an 
address change target area in camera image data is rotated on 
the basis of an error in the roll angle (deg) Will be explained. 
Here, a case in Which a roll angle error of r (deg) is present 
around arbitrary coordinates (ox,oy) in a graphics coordinate 
system (image coordinate system) of the camera image data 
Will be explained. In this case, rotation-related pixel loss can 
be minimized by setting coordinates (ox,oy) as the center 
coordinates of input buffer 12A, 12B, 12C, and 12D. 

First, pre-rotation coordinates (sx1,sy1) Which appear on 
the camera image due to the roll angle error before the roll 
angle error is corrected can be obtained using post-rotation 
coordinates (x1,y1) corrected on the basis of the roll angle 
error according to Formula 1 and Formula 2 given beloW. 

Because Formulas l and 2 can be applied to post-rotation 
coordinates (x1+l,y) adjacent to post-rotation coordinates 
(x1,y1) in the x direction also, pre-rotation coordinates (sx2, 
sy2) adjacent to pre-rotation coordinates (sx1,sy1) in the x 
direction can be expressed as folloWs. 

Here, When dxx:sx2—sx1 and dyx:sy2—sy1 are applied, 
dxx and dyx become as folloWs using Formulas l and 2 and 
Formulas 3 and 4. 

dxxIsxZ-sxl :cos(—r) (Formula 5) 

dyxIsyZ-syl :sin(—r) (Formula 6) 
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Then, the post-rotation coordinates of adj acent coordinates 
(X1 +n,y1) in the X direction can be expressed as follows using 
sX1, sy1, dXX, and dyX. 

sx:sxl+dxx*n (Formula 7) 

Therefore, it is clear that post-rotation coordinates of coor 
dinates (X1 +n,y1) canbe computed by adding dXy, dyy to sX1, 
sy1, respectively. Here, because Formulas 7 and 8 include 
trigonometric functions like Formulas 5 and 6, they shoW a 
rotation amount (deg) Which includes a decimal value. 

NeXt, similarly to the case given above, coordinates (X1, 
y1+l) adjacent to post-rotation coordinates (X1,y1) in the y 
direction can be eXpressed as folloWs. 

Here, When (1Xy:SX3—SX1 and dyy:sy3—sy1 are applied, 
dXy, dyy become as folloWs using Formula 9 and Formula 10. 

dxxIsx3-sxl :sin(—r) (Formula 1 l) 

dyxIsy3-syl :cos(—r) (Formula 12) 

Thus, post-rotation coordinates of adjoining coordinates 
(X1 ,y1+n) in the y direction can be computed by adding dXy, 
dyy to sX1, sy1, respectively. In addition, the post-rotation 
coordinates obtained in the manner shoW a rotation amount 
(deg) Which includes a decimal value. 

Based on the foregoing, the post-rotation coordinates are 
computed only once for the upper left coordinates in the 
graphic coordinate system as the coordinate system for the 
camera image data stored in input buffer 12A, 12B, 12C, and 
12D; and the piXels in the remaining camera image data are 
rotated through additions. 

Here, because the values of cos(—r) and sin(—r) in the 
computations are shared, the 2 values are obtained only once, 
and rotation amount (deg) is obtained using the result. Thus, 
once the correspondence betWeen the paired pre-rotation 
coordinates and the post-rotation coordinates from the post 
rotation coordinates is stored, the rotation amount (deg) as a 
parameter for correcting the roll angle error can be obtained 
Without requiring any trigonometric computation. 

Table recon?guration part 43 recon?gures the default 
address conversion table stored in table memory part 15 using 
horizontal shift amount dX for correcting the yaW angle error, 
vertical shift amount dy for correcting the pitch angle error, 
and rotation amount (deg) for correcting the roll angle error 
obtained by parameter computation part 42 in order to gen 
erate a neW address conversion table. First, the table recon 
?guration part 43 shifts the target address conversion area by 
only horizontal shift amount dX, and shifts the target address 
conversion area by only vertical shift amount dy. Table recon 
?guration part 43 then rotates the target address conversion 
area, Which has been shifted by horizontal shift amount dX 
and vertical shift amount dy, by the number of piXels Which 
corresponds to the amount of rotation. 

That is, table recon?guration part 43 rotates the target 
address conversion area after the target address conversion 
area has been shifted in the horizontal and vertical directions. 
The reason that the target address conversion area is rotated 
after it is shifted in the horizontal and vertical directions is 
that While the read address in input buffer 12A, 12B, 12C, and 
12D as the target address conversion area are real values, the 
rotation amount (deg) includes a decimal value, so that a 
round-off error occurs in the post-rotation target address con 
version area With respect to the rotation amount (deg). There 
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8 
fore, table recon?guration part 43 shifts it in the horizontal 
and vertical directions to avoid a round-off error before rotat 
ing it. If, on the other hand, the target address conversion area 
is shifted in the vertical and horizontal directions after it is 
rotated, the shift amount (piXel) Will be divided betWeen a cos 
element and a sin element, Which are included in the previous 
rotation amount, and the shift amount (piXel) obtained by 
parameter computation part 42 and the actual shift amount 
(piXel) Will have different values. 

Furthermore, although the amount of rotation of the target 
address conversion area is computed to recon?gure or cali 
brate the address conversion table in order to suppress roll 
angle errors in the present embodiment, the yaW and pitch 
angle errors can be corrected merely by shifting the target 
address conversion area vertically and horizontally even 
Without suppressing the roll angle error. Thus, if the input 
address in the horizontal direction is designated defAddr, 
Where it is assumed that the output address is Addr, the num 
ber of piXels in the vertical direction in input buffer 12 is Xi, 
and camera module 2 is free of installation errors, then the 
recon?guration of the address conversion table using vertical 
shift amount dy and horizontal shift amount dX can be simply 
eXpressed by the folloWing equation. 

Addr:(def4ddr+dx)+Xi -dy (Formula 13) 

Then, table recon?guration part 43 shifts the target address 
conversion area so as to recon?gure or calibrate the address 
conversion table, in Which the input addresses to be retrieved 
as the target address conversion area out of input buffers 12A, 
12B, 12C, and 12D are changed, and stores it in table memory 
part 15. 
As shoWn in FIG. 5, the address conversion table recon 

?guration processing is applied to the default address conver 
sion table under the condition that camera modules 2A, 2B, 
2C, and 2D are free of installation errors. In this address 
conversion table, the target address conversion area out of the 
input addresses of input buffer 12 Which corresponds to arbi 
trary camera module 2 represents four-by-four image from 
input addresses “1” through “16” in actual memory. In addi 
tion, the default address conversion table shoWs that the cam 
era image data are retrieved from input addresses “6,” “7,” 
“l0,” and “11” from input addresses “1” through “16,” the 
camera image data from input address “6” are stored in output 
address “1” of output buffer 16, the camera image data from 
input address “7” are stored in output address “2” of output 
buffer 16, the camera image data from input address “ l 0” are 
stored in output address “3” of output buffer 16, and the 
camera image data from input address “1 l” are stored in 
output address “4” of output buffer 16. 
As a result, camera image data captured by camera module 

2 at a speci?c location around the vehicle can be stored in 
output buffer 16 and displayed on monitor 3. 
On the other hand, because errors are present in the camera 

image data pickup range When camera modules 2A, 2B, 2C, 
or 2D contain installation errors, the camera image data 
Which are supposed to be stored in input buffer 12 at input 
addresses “6,” “7,” “l0,” and “11” shoWn in FIG. 5 Will be 
shifted and stored in input addresses “1 ,” “2,” “5,” and “6” as 
shoWn in FIG. 6(a). Then, When the camera image data in 
input addresses “6,” “7,” “l0,” and “l l” are retrieved in the 
same manner as described above and stored in output 
addresses “1” through “4,” an image of a location Which is 
different from the speci?c location around the vehicle Which 
is supposed to be displayed Will be displayed. 

HoWever, as described above, When —1 (equivalent to 1 
address) is used for vertical shift amount dy, and —l (equiva 
lent to 1 address) is used for horizontal shift amount dX so as 
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to shift the target address conversion area When recon?guring 
or calibrating the address conversion table, changes can be 
made so as to retrieve input addresses “1,” “2,” “5,” and “6” as 
shoWn in FIG. 6(b). 
When multiple camera modules 2 are connected to vehicle 

image processor 1 as described above, this address conver 
sion table recon?guration processing is realiZed by repeating 
the processes of Steps SI through Step S3 shoWn in FIG. 7 
once for each camera module 2. 

That is, in Step S1, error detection part 41 ?rst obtains yaW 
angle error (deg), pitch angle error (deg), and roll angle error 
(deg) of given camera module 2; and parameter computation 
part 42 obtains vertical shift amount dy (pixel) and horiZontal 
shift amount dx (pixel) from respective errors (deg). 

Next, in Step S2, the input addresses Where camera image 
data captured by given camera module 2 are stored are incre 
mented/decremented by vertical shift amount dy and horiZon 
tal shift amount dx in the address conversion table used to 
generate the default panoramic image, and the entire input 
addresses (entire address change target area) of the address 
conversion table are then rotated by the rotation amount based 
on roll angle error (deg). 

Next, in Step S3, the address conversion table recon?gured 
in Step S2 is stored in table memory part 15. Here, the recon 
?gured address conversion table may be stored in table 
memory part 15 in a memory area different from that for the 
default address conversion table, or the recon?gured address 
conversion table may be Written over the default address 
conversion table. 

Thus, the correction amounts (pixel) and the rotation 
amounts of the respective address conversion tables are 
obtained from installation errors (deg) of respective camera 
modules 2, Whereby errors in the global coordinate system 
(camera coordinate system) can be corrected through addi 
tion, subtraction, and rotation in units of pixels in the graphics 
coordinate system. 

Although the address conversion table recon?guration pro 
cess explained With reference to FIG. 7 Was explained using 
a case in Which Step SI through Step S3 Were repeated once 
for each camera module 2 in order to recon?gure or calibrate 
the default address conversion tables for respective camera 
modules 2, the recon?guration process is not limited to this 
case. Alternatively, the process in Step SI may be repeated 
once for each camera module 2 so as to obtain vertical shift 
amount dy, horiZontal shift amount dx, and rotation amount 
(deg) for each camera module, and all of the address conver 
sion tables may be recon?gured and stored in table memory 
part 15 in Step S2 and Step S3. 
As described in detail above, according to vehicle image 

processor 1 of the embodiment, even When the camera image 
data at the input addresses designated by the address conver 
sion tables are retrieved from the camera image data stored in 
input buffers 12 With reference to the address conversion 
tables stored in table memory part 15 and stored at the output 
addresses designated by the address conversion tables, pan 
oramic image 30 can be displayed on monitor 3 While sup 
pressing deviations and distortions among the constituent 
images due to installation errors of camera modules 2. 

That is, according to the vehicle image processor 1, as 
shoWn in FIG. 8, even When the image shoWn in FIG. 8(a) is 
to be displayed as the desired panoramic image While the 
installation position or the direction of camera module 2, 
Which is directed to capture an image on the left side of the 
vehicle, contains errors, distortions of White lines L3 and L4 
and deviation of White line L3 at the part Where adjoining 
front image and rear image are joined together, as shoWn in 
FIG. 8(b), can be suppressed. More speci?cally, although the 
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10 
degree of parallelism of White line L3 cannot be maintained 
When camera module 2 contains a 3° (deg) yaW angle instal 
lation error (FIG. 8(b)), a panoramic image that is closer to 
panoramic image 30 shoWn in FIG. 8(a) than to panoramic 
image 30 shoWn in FIG. 8(b) that contains distortion and 
deviation can be obtained simply by shifting the input 
addresses in its address conversion table in the horizontal 
direction. More speci?cally, even When side cameras of the 
vehicle contain a yaW angle error of 3°, that is, 23 pixels on the 
image or approximately 30 cm in reality, a deviation of 
23/4801 (pixel) in terms of VGA monitor 3 (Y axis) can be 
suppressed to 1/480. 

In addition, according to vehicle image processor 1, 
because the camera image data are stored in the output buffer 
according to the address conversion tables, Which are 
obtained by recon?guring or calibrating the address conver 
sion tables used to generate panoramic image 30 When cam 
era modules 2 are free of vehicle attachment errors using the 
parameters for correcting vehicle attachment errors of camera 
modules 2, panoramic image 30 can be generated from mul 
tiple camera image data through simple processing Without 
requiring many processing steps When actually generating 
panoramic image 30 simply by shifting the input addresses in 
the address conversion tables. In addition, because the 
address conversion tables are recon?gured on the basis of 
installation errors of camera modules 2 peculiar to a given 
vehicle, the required memory capacity of table memory part 
15 for storing the address conversion tables never becomes 
very large. 
More speci?cally, panoramic image 30, for Which distor 

tions and deviations are suppressed regardless of installation 
errors of camera modules 2, can be displayed simply through 
the processing during Which the camera numbers for desig 
nating input buffers 12 that correspond to camera modules 2 
and the address conversion tables that indicate the correspon 
dence betWeen the input addresses for designating the input 
addresses from Which the camera image data for generating 
panoramic image 3 0 are retrieved and the output addresses for 
storing the camera image data retrieved from the input 
addresses are stored in table memory part 15 for the respec 
tive camera modules, the camera image data are retrieved 
from input buffers 12 by image conversion part 14 according 
to the camera number and the input addresses designated by 
the address conversion tables, and the camera image data are 
stored at the output addresses designated by the address con 
version tables. 

In addition, because the vehicle image processor 1 is 
equipped With error detection part 41, parameter computation 
part 42, and table recon?guration part 43 shoWn in FIG. 2, the 
address conversion tables for correcting errors in the image 
coordinate system Which are attributable to errors in the cam 
era coordinate system can be recon?gured. That is, pan 
oramic image 30, for Which an error in the yaW angle of the 
camera coordinate system as a parameter for correcting 
vehicle installation errors of a vehicle’s camera module 2 is 
suppressed, can be displayed simply by shifting the input 
addresses in the horiZontal direction in the image coordinate 
system. In addition, panoramic image 30, for Which an error 
in the pitch angle of the camera coordinate system as a param 
eter for correcting vehicle installation errors of a vehicle’s 
camera module 2 is suppressed, can be displayed simply by 
shifting the input addresses in the vertical direction in the 
image coordinate system. Furthermore, panoramic image 30, 
for Which an error in the roll angle of the camera coordinate 
system as a parameter for correcting vehicle installation 
errors of a vehicle’s camera module 2 is suppressed, can be 
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displayed simply by shifting the input addresses in the rota 
tional direction in the image coordinate system. 

Furthermore, according to the vehicle image processor 1, 
deviation and distortion in panoramic image 30 can be further 
suppressed by suppressing errors in the yaW angle and the 
pitch angle simultaneously. 

Moreover, according to the vehicle image processor 1 of 
the embodiment When panoramic image 3 0, in Which not only 
errors in the yaW angle and pitch angle but also an error in the 
roll angle are suppressed, is to be displayed, the address 
conversion tables may be recon?gured in such a manner that 
an error in the yaW angle or an error in the pitch angle is 
suppressed before the error in the roll angle, and the error in 
the roll angle is then suppressed. As a result, even When a 
computation result of rotation amount (deg) contains a deci 
mal value due to the presence of an error (deg) in the roll 
angle, the in?uence of round-off error created by the decimal 
value can be minimiZed. 

In other Words, address conversion tables for having a right 
side image and a left side image displayed on a single screen 
on monitor 3 and address conversion tables for having a right 
rear image and a left rear image displayed on a single screen, 
for example, may also be stored table memory part 15. Even 
When multiple camera image data are turned into 1 continu 
ous image using the address conversion tables, inter-image 
deviation and distortion in the display image can be sup 
pressed When the address conversion tables are recon?gured 
by correcting the pitch angle, the yaW angle, and the roll angle 
on the basis of installation errors of camera modules 2 in the 
manner. 

This application is based on Japanese Patent Application 
No. 2005-058692, ?led Mar. 3, 2005, in the Japanese Patent 
O?ice, the entire contents of Which are hereby incorporated 
by reference. 

Also, the above-described embodiments have been 
described in order to alloW easy understanding of the present 
invention, and do not limit the present invention. On the 
contrary, the invention is intended to cover various modi?ca 
tions and equivalent arrangements included Within the spirit 
and scope of the appended claims, Which scope is to be 
accorded the broadest interpretation so as to encompass all 
such modi?cations and equivalent structures as is permitted 
under the laW. 
What is claimed is: 
1. An image processor for a vehicle having a plurality of 

cameras and a monitor that displays a panoramic image 
derived from multiple images generated by the plurality of 
cameras, the image processor comprising: 

input buffers adapted to receive and store camera image 
data generated by the plurality of cameras; 

an output buffer adapted to store panoramic image data for 
display on the monitor; 

a default address conversion table that describes a default 
correspondence betWeen memory addresses of camera 
images from an arrangement of cameras assumed to be 
free of installation errors and memory addresses of a 
panoramic image generated using the camera images; 

a controller adapted to: 
detect installation errors in the plurality of cameras 

based on deviations betWeen a template image and a 
respective camera image obtained While the vehicle is 
stationary and at a prescribed position, the template 
image representing the prescribed position and gen 
erated assuming the plurality of cameras are free of 
installation errors; 

prepare a recon?gured address conversion table from the 
default address conversion table that describes a cali 
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12 
brated correspondence betWeen memory addresses of 
the respective camera image and memory addresses 
of a panoramic image generated using the respective 
camera image to correct for the installation errors; 

read the camera image data stored on the input buffers; 
translate the camera image data into the panoramic 

image data using the recon?gured address conversion 
table; and 

store the panoramic image data on the output buffer. 
2. The image processor of claim 1, Wherein: 
the recon?gured address conversion table includes one or 
more numbers each assigned to a particular camera to 
designate input data contained in a speci?ed input buffer 
as having been generated by that particular camera. 

3. The image processor of claim 1, Wherein the input buff 
ers are part of a single memory unit. 

4. The image processor of claim 1, Wherein: 
the recon?gured address conversion table includes input 

address information that associates each of a plurality of 
input addresses in the input buffers With a corresponding 
output memory address in the output buffer to form at 
least a portion of the panoramic image; and 

the controller is further adapted to read the camera image 
data located at each of the plurality of input addresses 
and to store the camera image data so read at the corre 
sponding output memory address in accordance With the 
input address information. 

5. The image processor of claim 4, Wherein: 
the controller further comprises a table recon?guration 

module that corrects the installation errors in the plural 
ity of cameras in the recon?gured address conversion 
table by shifting the input addresses of the default 
address conversion table and storing the shifted input 
address information in the recon?gured address conver 
sion table. 

6. The image processor of claim 5, Wherein the table recon 
?guration module corrects a yaW error in the installation of 
one of the plurality of cameras in the recon?gured address 
conversion table by shifting at least one of the plurality of 
input addresses of the default address conversion table in a 
direction corresponding to a horizontal direction in an image 
coordinate system represented by the camera image data gen 
erated by the one of the plurality of cameras. 

7. The image processor of claim 5, Wherein the table recon 
?guration module corrects a pitch error in the installation of 
one of the plurality of cameras in the recon?gured address 
conversion table by shifting at least one of the plurality of 
input addresses of the default address conversion table in a 
direction corresponding to a vertical direction in an image 
coordinate system represented by the camera image data gen 
erated by the one of the plurality of cameras. 

8. The image processor of claim 5, Wherein the table recon 
?guration module corrects a roll error in the installation of 
one of the plurality of cameras in the recon?gured address 
conversion table by shifting at least one of the plurality of 
input addresses of the default address conversion table in a 
direction corresponding to a rotational direction in an image 
coordinate system represented by the camera image data gen 
erated by the one of the plurality of cameras. 

9. The image processor of claim 5, Wherein the table recon 
?guration module corrects a yaW error in the installation of 
one of the plurality of cameras in the recon?gured address 
conversion table by shifting at least one of the plurality of 
input addresses of the default address conversion table in a 
direction corresponding to a horizontal direction in an image 
coordinate system represented by the camera image data gen 
erated by the one of the plurality of cameras, and corrects a 
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pitch error in the installation of the one of the plurality of 
cameras in the recon?gured address conversion table by shift 
ing at least one of the plurality of input addresses of the 
default address conversion table in a direction corresponding 
to a vertical direction in the image coordinate system. 

10. The image processor of claim 5, Wherein the table 
recon?guration module ?rst corrects a yaW error in the instal 
lation of one of the plurality of cameras in the recon?gured 
address conversion table by shifting at least one of the plu 
rality of input addresses of the default address conversion 
table in a direction corresponding to a horizontal direction in 
an image coordinate system represented by the camera image 
data generated by the one of the plurality of cameras, and 
corrects a pitch error in the installation of the one of the 
plurality of cameras in the recon?gured address conversion 
table by shifting at least one of the plurality of input addresses 
of the default address conversion table in a direction corre 
sponding to a vertical direction in the image coordinate sys 
tem; and then corrects a roll error in the installation of the one 
of the plurality of cameras in the recon?gured address con 
version table by shifting at least one of the plurality of input 
addresses of the default address conversion table in a direc 
tion corresponding to a rotational direction in the image coor 
dinate system. 

11. An image processor for a vehicle having a plurality of 
cameras and a monitor that displays a panoramic image gen 
erated from multiple images generated by the plurality of 
cameras, the image processor comprising: 

input buffer means for storing camera image data captured 
by the cameras; 

output buffer means for storing panoramic image data gen 
erated from the camera image data retrieved from the 
input buffer means and for outputting the panoramic 
image data to the monitor; 

a default address conversion table that describes a ?rst 
correspondence from input memory addresses of cam 
era images from an arrangement of cameras assumed to 
be free of installation errors to corresponding output 
memory addresses of a panoramic image generated 
using the camera images; 

means for detecting installation errors in the cameras based 
on deviations betWeen a template image and a respective 
camera image obtained When the vehicle is stationary 
and at a prescribed position, the template image repre 
senting the prescribed position and generated assuming 
the cameras are free of installation errors; 

means for preparing a recon?gured address conversion 
table that describes a second correspondence from input 
memory addresses of the respective camera image and 
output memory addresses of a panoramic image gener 
ated using the respective camera image to correct for the 
installation errors; and 

means for retrieving the camera image data from the input 
buffer means and storing the camera image data in the 
output buffer means according to the recon?gured 
address conversion table means-to generate the pan 
oramic image data. 

12. The image processor of claim 11, Wherein: 
the recon?gured address conversion table includes one or 
more camera numbers each assigned to a particular cam 
era to designate input data contained in a speci?ed input 
buffer as having been generated by that particular cam 
era; and the recon?gured address conversion table 
includes input address information for designating input 
addresses needed for retrieving the camera image data 
for generating the panoramic image data from the input 
buffers and output address information for designating 
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14 
output addresses in the output buffer means that contain 
the camera image data retrieved from the input 
addresses; and 

the retrieving means comprises means for retrieving the 
camera image data from the input buffers according to 
the camera numbers and the input address information 
designated by the recon?gured address conversion table 
and storing the camera image data in output addresses in 
the output buffer means according to the output address 
information designated by the recon?gured address con 
version tables. 

13. The vehicle image processor of claim 11, Wherein the 
means for preparing the recon?gured address conversion 
table comprises: 

table recon?guration means for shifting the input addresses 
of the default address conversion table to correct instal 
lation errors of the cameras on the vehicle in order to 
generate the recon?gured address conversion table. 

14. The vehicle image processor of claim 13, Wherein the 
table recon?guration means corrects for a yaW error in the 
installation of one of the plurality of cameras in the recon?g 
ured address conversion table by shifting at least one of the 
plurality of input addresses of the default address conversion 
table in a direction corresponding to a horiZontal direction in 
an image coordinate system represented by the camera image 
data generated by the one of the plurality of cameras. 

15. The vehicle image processor of claim 13, Wherein the 
table recon?guration means corrects a pitch error in the 
installation of one of the plurality of cameras in the recon?g 
ured address conversion table by shifting at least one of the 
plurality of input addresses of the default address conversion 
table in a direction corresponding to a vertical direction in an 
image coordinate system represented by the camera image 
data generated by the one of the plurality of cameras. 

16. The image processor of claim 13, Wherein the table 
recon?guration means corrects a roll error in the installation 
of one of the plurality of cameras in the recon?gured address 
conversion table by shifting at least one of the plurality of 
input addresses of the default address conversion table in a 
direction corresponding to a rotational direction in an image 
coordinate system represented by the camera image data gen 
erated by the one of the plurality of cameras. 

17. The vehicle image processor of claim 13, Wherein the 
table recon?guration means corrects a yaW error in the instal 
lation of one of the plurality of cameras in the recon?gured 
address conversion table by shifting at least one of the plu 
rality of input addresses of the default address conversion 
table in a direction corresponding to a horiZontal direction in 
an image coordinate system represented by the camera image 
data generated by the one of the plurality of cameras, and 
corrects a pitch error in the installation of the one of the 
plurality of cameras in the recon?gured address conversion 
table by shifting at least one of the plurality of input addresses 
of the default address conversion table in a direction corre 
sponding to a vertical direction in the image coordinate sys 
tem. 

18. The vehicle image processor of claim 13, Wherein the 
table recon?guration means ?rst corrects a yaW error in the 
installation of one of the plurality of cameras in the recon?g 
ured address conversion table by shifting at least one of the 
plurality of input addresses of the default address conversion 
table in a direction corresponding to a horiZontal direction in 
an image coordinate system represented by the camera image 
data generated by the one of the plurality of cameras, and 
corrects a pitch error in the installation of the one of the 
plurality of cameras in the recon?gured address conversion 
table by shifting at least one of the plurality of input addresses 
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of the default address conversion table in a direction corre 
sponding to a vertical direction in the image coordinate sys 
tem; and then after the yaW error and pitch error are corrected, 
corrects a roll error in the installation of one of the plurality of 
cameras in the recon?gured address conversion table by shift 
ing at least one of the plurality of input addresses of the 
default address conversion table in a direction corresponding 
to a rotational direction in an image coordinate system rep 
resented by the camera image data generated by the one of the 
plurality of cameras. 

19. An image processing method for use in a vehicle having 
a plurality of cameras and a monitor that displays a panoramic 
image derived from multiple images generated by the plural 
ity of cameras, comprising: 

storing camera image data captured by the cameras on an 
input buffer; 

storing panoramic image data generated from the camera 
image data retrieved from the input buffer for output to 
the monitor as a panoramic image display; 

determining the existence of an installation error in at least 
one of the plurality of cameras based on deviations 
betWeen a template image and a respective camera 
image in the input buffer obtained While the vehicle is 
stationary and at a prescribed position, the template 
image representing the prescribed position and gener 
ated assuming the plurality of cameras are free of instal 
lation errors; 

determining the correction parameter to be applied to a 
default address conversion table to correct the installa 
tion error, the default address conversion table associat 
ing a plurality of input addresses of camera images from 
an arrangement of cameras assumed to be free of instal 
lation errors With corresponding output memory 
addresses of a panoramic image generated using the 
camera images; 

recon?guring the default address conversion table by shift 
ing memory addresses in the input buffer in accordance 
With the correction parameter to generate a recon?gured 
address conversion table; and 

retrieving the camera image data from the input buffer and 
storing the camera image data in the output buffer 
according to the recon?gured address conversion table 
to generate the panoramic image data for output to the 
monitor as the panoramic image display. 

20. The image processing method of claim 19, Wherein 
recon?guring the default address conversion table comprises: 

correcting for a yaW error in the installation of the at least 
one of the plurality of cameras in the recon?gured 
address conversion table by shifting the memory 
addresses in the input buffer of the default address con 
version table in a direction corresponding to a horizontal 
direction in an image coordinate system represented by 
the camera image data generated by the at least one of 
the plurality of cameras. 

21. The image processing method of claim 19, Wherein 
recon?guring the default address conversion table comprises: 

correcting for a pitch error in the installation of the at least 
one of the plurality of cameras in the recon?gured 
address conversion table by shifting the memory 
addresses in the input buffer of the default address con 
version table in a direction corresponding to a vertical 
direction in an image coordinate system represented by 
the camera image data generated by the at least one of 
the plurality of cameras. 

22. The image processing method of claim 19, Wherein 
recon?guring the default address conversion table comprises: 

10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

16 
correcting for a roll error in the installation of the at least 

one of the plurality of cameras in the recon?gured 
address conversion table by shifting the memory 
addresses in the input buffer of the default address con 
version table in a direction corresponding to a rotational 
direction in an image coordinate system represented by 
the camera image data generated by the at least one of 
the plurality of cameras. 

23. The image processing method of claim 19, Wherein 
recon?guring the default address conversion table comprises: 

correcting for a yaW error in the installation of the at least 
one of the plurality of cameras in the recon?gured 
address conversion table by shifting the memory 
addresses in the input buffer of default address conver 
sion table in a direction corresponding to a horiZontal 
direction in an image coordinate system represented by 
the camera image data generated by the at least one of 
the plurality of cameras; and 

correcting for a pitch error in the installation of the at least 
one of the plurality of cameras in the recon?gured 
address conversion table by shifting the memory 
addresses in the input buffer of the default address con 
version table in a direction corresponding to a vertical 
direction in the image coordinate system represented by 
the camera image data generated by the at least one of 
the plurality of cameras. 

24. The image processing method of claim 19, Wherein 
recon?guring the default address conversion table comprises: 

correcting for a yaW error in the installation of the at least 
one of the plurality of cameras in the recon?gured 
address conversion table by shifting the memory 
addresses in the input buffer of the default address con 
version table in a direction corresponding to a horiZontal 
direction in an image coordinate system represented by 
the camera image data generated by the at least one of 
the plurality of cameras; and 

after correcting for the yaW error, correcting for a pitch 
error in the installation of the at least one of the plurality 
of cameras in the recon?gured address conversion table 
by shifting the memory addresses in the input buffer of 
the default address conversion table in a direction cor 
responding to a vertical direction in the image coordi 
nate system represented by the camera image data gen 
erated by the at least one of the plurality of cameras; and 

after correcting for the yaW and pitch errors, correcting for 
a roll error in the installation of the at least one of the 
plurality of cameras in the recon?gured address conver 
sion table by shifting the memory addresses in the input 
buffer of the default address conversion table in a direc 
tion corresponding to a rotational direction in the image 
coordinate system represented by the camera image data 
generated by the at least one of the plurality of cameras. 

25. A method for calibrating an vehicle image processor 
that incorporates camera image data generated by multiple 
vehicle-mounted cameras and stored on an input buffer into a 
panoramic image stored on an output buffer for display on a 
monitor, comprising: 

detecting at least one error in the installation of at least one 
of the multiple vehicle-mounted cameras based on 
deviations betWeen a template image and a respective 
camera image obtained While the vehicle is stationary 
and at a prescribed position, the template image repre 
senting the prescribed position and generated assuming 
the plurality of cameras are free of installation errors; 

creating a recon?gured address conversion table by chang 
ing a default address conversion table so that it describes 
a calibrated association betWeen a different input 
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address in the input buffer With the target output address 
in the output buffer, the different input address being 
offset from the selected input address in a direction 
opposing the at least one detected error in the installation 

of the at least one vehicle-mounted camera, the default 
address conversion table describing a default association 
betWeen at least one selected input address in the input 
buffer With an output address in the output buffer to 
create at least a portion of a panoramic image generated 
using data obtained from the at least one select input 

1 8 
address and the default association based on an arrange 
ment of cameras assumed to be free of installation 

errors; and 
loading the recon?gured address conversion table into a 
memory accessible by the vehicle image processor in a 
manner that permits the vehicle image processor to 
retrieve camera image data stored at the different input 
address and store the retrieved camera image data in the 
target output address of the output buffer. 

* * * * * 


